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Westinghouse 


Outdoor [letering Equipments 


Simplify the problem of measuring 
energy served through outdoor sub- 


stations. 


WESTINGHOUSE 
ELECTRIC 


> 4 
Accurate—Economical 


Each outfit consists of a polyphase watt- 
our meter ; two current transformers; a poly- 
phase voltage transformer and three choke coils ; 
all enclosed in a sheet steel case with cast-iron 


cover. 
The case is divided into two compartments, one con- 
taining the transformers and choke coils immersed 
in oil, the other enclosing the meter. 
3-B—Send for a 


A hinged door covers the front of the meter com- 
partment, making it accessible for the installa- copy. 


tion, reading and checking of the meter. 
The entire outfit, inciuding the meter panel, 
can be lifted out of the case without dis- 


connecting the leads. 
Westinghouse Electric & Mfg. Co. 
East Pittsburgh, Pa. 
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NORTHWESTERN UNIVERSITY, THE MEETING 
PLACE FOR 1917. 


BY JOHN F. HAYFORD, 
Director, College of Engineering. 


The first building of Northwestern University was erected 
in 1855. The university had been organized by a small group 
of men residing in Evanston and doing business in Chicago. 
These men believed it would be well to make their home town, 
Evanston, a university town. Since that time Evanston and 
Northwestern University have grown up together, from small 
beginnings, the one to become Chicago’s most pleasant suburb, 
and the other a great growing university with steadily ex- 
panding interests and activities. 

The university is now located upon three sites widely sep- 
arated from each other. A part is at Evanston. Another 
part, including the Law School, Dental School, and the School 
of Commerce, is quartered in the Northwestern University 
Building at Lake and Dearborn Streets in the loop district in 
Chicago, twelve miles from the campus in Evanston. The 
third part, the Medical School and School of Pharmacy, is fif- 
teen miles from the Evanston campus on the south side of Chi- 
cago, on Dearborn near Twenty-fifth Street. 

At Evanston there is grouped the College of Liberal Arts, 
the Graduate School, the School of Music, the School of Ora- 
tory and the College of Engineering. Measured by numbers 
of students this group forms about one half of the university. 
It serves about two thousand out of a total of four thousand 
students. Northwestern University is a coéducational institu- 
tion. Of the students in the Colleges of Liberal Arts and En- 
gineering approximately one half are men. 

Evanston has developed true to the type established at the 
beginning. Its main characteristics are derived, about equally, 
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NORTHWESTERN UNIVERSITY. 


from the influence of two groups of men. One group is made 
up of men active in business in Chicago and living in Evans- 
ton. The most active members of the board of trustees of the 
university are in this group. The other group consists of the 
faculty and students of the university. There is but little 
manufacturing activity in Evanston and that little is located 
in out of the way places where it is noticed but little by visitors 
and is often forgotten by the Evanstonian in telling of his 
home town. 


THE Swirt Haut oF ENGINEERING SEEN FROM THE SOUTHWEST WITH 
LAKE MICHIGAN IN THE BACKGROUND. 


The charter of the university insures that no spirituous 
liquors shall be sold within four miles of the Evanston campus. 
This limit comprises all of Evanston and some outlying areas, 
including a portion of the city of Chicago adjacent to Evans- 
ton on the south. This charter restriction has had a marked 
effect in toning up Evanston and the student group in the 


465 


| 
| 
| 

| 

| 


NORTHWESTERN UNIVERSITY. 


university. Rest Cottage, the former home of Frances E. 
Willard, now a memorial to her and used as the national head- 
quarters of the Woman’s Christian Temperance Union, is 
within two squares of the campus. — 

Evanston is the first of a long series of suburban cities and 
villages extending from the northern limit of Chicago eighteen 


Swirt HALL OF ENGINEERING SEEN FROM LAKE MICHIGAN. 


miles northward, in a continuous strip a mile or two wide 
along the shore of Lake Michigan, to Lake Forest. This group 
is collectively known to Chicago as the North Shore, its choice 
residence district. The North Shore is characterized by fine 
residences, well-shaded streets and grounds, good roads, good 
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NORTHWESTERN UNIVERSITY. 


transportation to Chicago, and the quiet and spaciousness 
characteristic of a village. 

In the seventies an attempt, soon abandoned, was made to 
start engineering at Northwestern. Connected with this 
movement was H. §. Carhart, well known in the department 
of physics at Northwestern University and in the University 
of Michigan, and the late Lyman E. Cooley, who afterward 
became the chief engineer in charge of the early part of the 
development of the Chicago Drainage Canal. 


A VIEW FROM THE ENGINEERING BUILDING. 


The present College of Engineering at Northwestern Uni- 
versity was established in 1907 and opened to students in 1909. 
It is a young college in an old university. Its youth is a de- 
cided advantage in so far as the establishment and realization 
of its engineering ideals are concerned. In establishing its 
ideals much was learned from the experiences of the many 
older well-developed colleges of engineering and from recent 
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NORTHWESTERN UNIVERSITY. 


discussions on engineering education. In the attempt to 
' realize its ideals it was free from any restraining past in so 
far as engineering was concerned, free from both material and 
traditional fetters. 

The purpose of the College of Engineering of Northwestern 
University is to furnish each student a thorough training for 
the profession of engineering, combined with a general train- 
ing of the man. The college aims to train engineers for the 
greatest effectiveness in a lifetime rather than for the greatest 
effectiveness in the first few years after graduation. It aims 
to develop in the student a capacity for unlimited growth and 
for leadership. It lays the emphasis on thorough professional 
training rather than on purely practical training. It believes 
in as thorough a training as possible in the fundamentals com- 
mon to all engineering, even at the sacrifice of an opportunity 
otherwise possible for the student to specialize somewhat while 
still in college. 

But two curricula in engineering are given, the curriculum 
in mechanical and electrical engineering, leading to the degree 
of electrical engineer, and the curriculum in civil engineering. 
Each is a five-year curriculum, starting from a full high- 
school training. Each student normally receives a degree, 
Bachelor of Science, from the College of Liberal Arts, at the 
completion of the first four years of his engineering course. 

The College of Engineering is small. Forty-one students 
completed the year 1910-11 and 79 completed the year 1915- 
1916. This growth, not perfectly regular of course, is equiv- 
alent to an increase each year of 14 per cent. over the preced- 
ing year. The indications are that the normal rate of increase 
to be expected is about 10 or 11 per cent. per year. 

The announced ideals, the five-year course in contrast with 
four-year engineering courses as a rule at surrounding col- 
leges, and the character of the curriculum appeal to an unusu- 
ally high type of student. The appeal is apparently cumu- 
lative in its effects. There has been a steady improvement in 
the seholastic record of the students. The average mark of 
engineering students in all the subjects taken by them has in- 
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NORTHWESTERN UNIVERSITY. 


creased continuously from 66 in 1909-10 to 74 in 1915-16, on 
a marking scale of 100. 

Swift Hall of Engineering, a substantial building of Bed- 
ford limestone with reinforced concrete floors and stairways, 
stands on the shore of Lake Michigan near the middle of the 
campus. The whole view to the eastward from its windows is 
Lake Michigan. To the westward one may look across a shady 
campus to Sheridan Road and a pleasant portion of Evanston. 
The lecture room, where the formal meetings of the Society 
will be held, is on the first floor with light and air on three 
sides. The engineering laboratories, all in this building, have 
been equipped with unusual care and deliberation with a view 
to making them as effective as possible for teaching purposes. 

The university campus is a strip of ground about seven hun- 
dred feet wide, extending four thousand feet along the shore 
of Lake Michigan, which is here nearly north and south. 

On the southern half of the campus are grouped the build- 
ings in which the class activities of the Evanston group of stu- 
dents are mainly concentrated. Aside from Swift Hall of 
Engineering these are Lunt Library; University Hall, con- 
taining the departments of geology, botany, zodlogy; Harris 
Hall (history and economics) ; Science Hall (chemistry and 
physics) ; Annie May Swift Hall (school of oratory); Old 
College (recitation rooms) and the Evanston Academy. The 
surroundings of these buildings—trees, winding walks, green 
grass, the shore of Lake Michigan—have the general air of a 
lake front park. 

Within three squares of the southwest corner of the campus, 
outside the college grounds in a pleasant residence district, 
are several of the women’s dormitories, the Music School, the 
University Club of Evanston and the Woman’s Club of Evans- 
ton. The club houses mentioned are fine buildings designed 
especially for the two energetic clubs which occupy them. 

The faculty homes are scattered over a considerable part of 
Evanston. They are most numerous in the region adjacent 
to the campus within three squares to the westward and north- 
westward. 
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NORTHWESTERN UNIVERSITY. 


The south campus, as already noted, contains buildings de- 
voted mainly to class activities. The north campus is devoted 
mainly to other activities of the students. The two parts of 
the campus are separated by a group of buildings just north 
of Swift Hall of Engineering, which belong to Garrett Bib- 
lical Institute, a theological school affiliated with Northwest- 
ern University. 

As one walks into the north campus from Swift Hall of 


Science ON THE SouTH CAMPUS. 


Engineering, always within sight and hearing of the waters 
of Lake Michigan, he passes the Northwestern Gymnasium and 
the Dearborn Observatory and reaches the nearest point of the 
dormitory group within five minutes. 

The Northwestern Gymnasium, 150 by 300 ft., is an impos- 
ing structure containing features of interest to engineers. Its 
swimming pool is especially attractive and is so well cared for 
in a sanitary way that one is much safer from infection in it 
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NORTHWESTERN UNIVERSITY. 


than in Lake Michigan. About two thirds of the whole area 
of the gymnasium is occupied by an indoor field with an earth 
floor 120 by 215 feet without any obstruction whatever in the 
way of wallsor columns. This large space, covered by a lofty, 
three-hinge steel arch roof, is transformed at the time of the 
annual Music Festival in May, and Commencement in June, 
into a very attractive and convenient auditorium which accom- 
modates 4,500 seated people. During the remainder of the 


UNIVERSITY HALL, ON THE SouTH CAMPUS. 


year the temporary floor and stage for this great auditorium 
are stored in concrete pits just outside the building. 
Dearborn Observatory contains an equatorial telescope with 
a clear aperture of 18} inches. It was notable for a number 
of years as being the largest telescope in the United States. It 
is now notable among large telescopes for having one of the 
most perfect object glasses in the world. This telescope is 
devoted to celestial sight-seeing by visitors one evening each 
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week, and may be so used at the time of the S. P. E. E. 
meeting. 

The Dormitory group in which the out-of-town members 
and guests.of the 8. P. E. E. will find their rooms and meals 
at the 1917 meeting, consists of thirteen building units, nine 
fraternity and four independent units, grouped in two quad- 
rangles. Each quadrangle has an open side toward the lake 
so as to give every building an outlook across two hundred 
yards of green grounds and through trees to Lake Michigan. 


THe Dormitory Group, View TAKEN LOOKING NorTHWARD PAST THE 
OBSERVATORY. 


The buildings are uniform in architecture, modest and sub- 
stantial. They were all completed within the past three years. 
Each fraternity house has its own dining room. One primary 
object of this compact group of buildings, fostered carefully 
by their interior arrangements and grouping, has been to pro- 
mote acquaintance among a large number of students by keep- 
ing them together in a pleasant environment. The buildings 
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were found to serve this same purpose admirably for the mem- 
bers of the American Astronomical Society at its meeting at 
Northwestern University in the summer of 1915. 

A stroll to the northward just beyond the limits of the cam- 
pus leads one to the filtration plant, the U. 8. Light House, 
and into a pleasant recently built part of Evanston. The fil- 
tration plant, completed in 1914, is one of the best of its kind. 


A QUADRANGLE OF THE DorMITORY Group SEEN FROM THE LAKE SHORE. 


The water is given a preliminary treatment with alum to get 
rid of much of the solids by coagulation and sedimentation, 
is passed through rapid sand filters and is then treated with 
caleium hypochlorite. 

A pleasant stroll of about one mile and a half to the north- 
ward, parallel to the lake shore, from the dormitories takes 
one to the Evanston intake of the Chicago Drainage Canal. 
Water is taken from the lake at this point and given a lift of 
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a few inches by large electrically driven screw pumps in order 
to force it through a canal eight miles long southward to the 
North Branch of the Chicago River. The artificial current 
thus produced in the North Branch rescues it from its former 
semi-stagnant condition. Its water joins that of the Chicago 
River and flows southwest through the main drainage canal 
and across Illinois to the Mississippi River. At the Evanston 
intake a bridge, a dam and a pumping station are all combined 
in one structure, which forms a convenient objective for one 
of the favorite walks of many Evanstonians. 

Still further to the northward one may take a pleasant ride 
on electric cars through the long strip of suburban villages 
known as the North Shore. Wilmette, Kenilworth, Glencoe, 
Hubbard Woods, Ravinia, Highland Park, Fort Sheridan, 
Lake Forest and Lake Bluff are names that arouse pleasant 
pictures in the minds of Chicago and Evanston people. 

Swift Hall of Engineering has been given a prominence in 
the preceding statements out of proportion to its modest place 
in the university. That prominence is justified in the present 
context by the fact that it is to be the rallying point for the 
8. P. E. E. meeting of 1917. For that reason it is proper to 
note that it stands at the middle of the campus, that the dor- 
mitory group which will be the home of the visiting members 
and guests is close at hand, that the immediate surroundings 
are pleasant, being virtually a park on the shore of Lake 
Michigan, and that if one wanders outside the campus he may 
still find himself in pleasant and interesting surroundings. 

Of course Chicago with its sights, its distractions and its 
many and varied engineering activities, is close at hand, con- 
venient for the 8. P. E. E. members on their way to and from 
the Evanston meeting. 
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METHODS OF TEACHING DYNAMICS. 


BY WILLIAM KENT, 


Consulting Engineer, Montclair, N. J. 


The Committee on Mechanics at the last three annual meet- 
ings of the Society has reported progress in its labors of 
preparing a Syllabus of Dynamics, and at the Ames meeting, 
June, 1915, it presented a tentative form of such a syllabus 
for discussion, together with a much shorter form suggested 
by the writer (see PRocEEDINGs, vol. 23, p. 246). At the Char- 
lottesville meeting in June, 1916, a brief verbal report of 
progress was made by the chairman. The committee is now 
showing signs of activity and is working in coéperation with 
the Committee on Physics. The chairman has requested the 
writer to continue to urge his form of one small portion of 
the syllabus, relating to the method of teaching young stu- 
dents the elementary principles of the dynamics of uniformly 
accelerated motion. An extensive controversial discussion of 
the subject has appeared at intervals during the past four or 
five years in the columns of Science, in which many profes- 
sors of physics have taken part (see Science, Dec. 24, 1915). 

Since the Charlottesville meeting the writer has revised his 
syllabus and put it in the form shown below and has added to 
it an imaginary ‘‘quiz’’ of a high-school student, to show its 
application. He asks for it the careful attention of those who 
are interested in the problem of finding the best method of 
teaching elementary dynamics and especially requests a direct 
answer to the questions propounded in the first paragraph 
of the syllabus. If there is any better answer than the one 
given now is the time to bring it forward for the considera- 
tion of the committee. 
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SYLLABUS. ELEMENTARY DYNAMICS. UNI- 
FORMLY ACCELERATED MOTION INA 
STRAIGHT LINE 
A quantity of matter, W pounds, at rest but free to move, is 
pulled (or pushed) for 7 seconds by a constant force, F 
pounds. What are the results, assuming no frictional resist- 
ance, and how do you explain them to a young student? 
Answer. The results are: 
1. Motion in a straight line, in the direction of the force and 
with increasing speed. 
2. Distances traversed, s, s, s, ft. in successive seconds; S ft. 
in the total time T. 
3. Velocity acquired at the end of any time 7, V ft. per sec- 
ond. 
. Momentum, defined as WV +g=—F x T. 
. Kinetic energy, defined as 4WV?--g—FS foot-pounds. 
. Acceleration, A, defined as V+ T’, feet per second per sec- 
ond. 

The relations between these results and the given quantities 
F, T and W are established by experiments (Atwood machine, 
pulling a heavy boat with a small force, moving pictures of a 
falling body, etc.) and from the results of experiments for- 
mulas may be derived as follows: 


1 3. | 
| 5 Fo | 
| 2W | | 
| 9Fg | 1FyT™ 


4; Momentam PT @ WY FT = MV. 


5. Energy FS = ; or 


6. Acceleration A = V/T = on = 5 i 


7. Force producing acceleration F = MA. 
g is an experimental constant, an abstract number, 32.1740. 
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If F = W, the case of a falling body at latitude 45° at the sea 
level, or the standard locality, then if the time is 1 second 
V=g(F/W) =—g; that is, g is the velocity a body acquires in 
falling for one second in vacuo at the standard locality. 
Since S=%4(Fg/W), if T is 1 second and FW, then 
g = 28, that is, g is twice the distance a body falls in the first 
second. Also since A—g(F/W), g is the acceleration due to 
gravity at the standard locality, 32.1740 ft. per second per 
second. é 

Fundamental Principle.—It follows from eqs. (2) and (3) 
that when F lbs. force acts for 7 seconds on W lbs. of matter 
free to move, that both the velocity V and the distance S vary 
directly as F and inversely as W; that the velocity varies di- 
rectly as the time, and the distance as the square of the time. 
When F—W, V=gT and S=%gT’. 

From the above equations others may be derived as they are 
needed. For example from (2) and (3) we find 


W 
S 
whence 
28 
Vapi T=7. (8) 


Equation (4), FT —=MYV, is derived directly from (3). Sub- 
stituting A for V/T in eq. (4) gives 
F=MaA. (7) 

Eq. (5) is found by substituting for T in eq. (4) its value 
28/V. 

Velocity of a Falling Body.—If F = W, then from (3) we 
have V=gT. Substituting 28/V for T gives V?—2g98. As 
the distance S is the height of fall, H, we may write 


V?=29H, and V=1\/2gH. (9) 


For a body falling at a place where the acceleration due to 


gravity is 9g, V= 29,H. 
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Graphical Illustration—Since S=14VT it may be repre- 
sented as the area of a right-angled triangle of which V is the 
base and 7 the perpendicular. Draw a triangle with the 
height and base each divided into four parts, and draw inside 
of it sixteen small triangles as shown. Let the height repre- 
sent the time of fall, 1, 2, 3, 4 seconds, and the base the veloci- 
ties at the end of these times, g, 2g, 3g, 4g. The distance 
passed over in each second is represented by the increasing 
. number of small triangles between the horizontal lines, viz., 
1, 3, 5 and 7 times %4g, and the total distance at the end of 
any number of seconds by the total number of small triangles, 
viz., 1, 4, 9 and 16 times or S=%gT’, = VT. 


Teaching Method.—Give the student a printed sheet such as 
this syllabus, containing a brief abstract of all the facts and 
logical argument on the subject that he needs to know as a 
foundation for his further studies. Don’t tell him or lecture 
to him; let him use his eyes and his reasoning powers instead 
of his ears, which are much less efficient as a means of acquir- 
ing knowledge. If he does not understand the printed page, 
let him write questions about it, showing exactly what words 
or sentences he does not understand; then the teacher may 
re-write the page or add explanatory foot-notes, to make it still 
easier for the student. Do not ask the student to memorize 
all the formulas of the syllabus, but it is well for him to mem- 
orize the following: M—=W/g; FT=MV; 
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F=MA, V=v\v2gH. If the fundamental principle is mem- 
orized and thoroughly understood he can easily derive from 
it the fundamental equations (2) and (3) if he has forgotten 
them, and from them he can derive all the other equations. 

All this seems quite easy, but some professors seem to find 
their own methods of teaching the most elementary facts very 
difficult for the student. Thus Prof. E. V. Huntington in 
Science, Sept. 8, 1916, says: 

The kinetic idea of mass or inertia (namely, force over acceleration) 
is as difficult as it is important, and should be led up to gradually, by 
easy and very definite steps. 

‘‘Force over acceleration’’ is not a ‘‘kinetic idea of mass 
or inertia.’’ The equation F/A=—M is merely an algebraic 
statement of the equality between one number and the quo- 
tient of two other numbers. Thus if M is the number of 
grammes of matter in a body, F the number of dynes of force 
applied to it, and A the acceleration in centimeters per second 
per second, then F=—MA, and M=F/A, which is not a 
‘‘kinetic idea of mass’’ but only a statement of numerical 
equality. What is the use of trying to lead a student up 
gradually to the metaphysical notion of a kinetic idea of mass 
when there’s ‘‘no such animal’’? 

In another article, Science, Mar. 3, 1916, Prof. Huntington 
recognizes the difficulty of his own method. 

The compound quantity F/a, or W/g, which is properly called the inertia 
[sic] of the body can surely not be understood before the elements out of 
which it has been built up have been grasped. ... My method begins 
frankly with the idea of acceleration as a fundamental concept—not an 
easy idea, but one which is so essential that the student does best who 
faces its difficulty squarely at the outset. 

Professor Fisher in Science, July 7, 1916, says, concerning 
the ‘‘cases of confusion such as come up in every physics or 
mechanics class-room,’’ that 
‘*the only thing to do is to make every endeavor to break up the satis- 
faction of the student with the concepts which he has unconsciously 


formed, to try to contrive striking experiments which shall, for example, 
make plain that something more than the notion of weight is needed for 
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their explanation. And especially to familiarize him with the concept 
acceleration, and the various ways of arriving at its value, theoretically 
and practically. The teacher has almost to strive against instinct in the 
treatment of the laws of motion, and some people can never be expected 
to grasp them. 


My method is the exact opposite. I start with the assump- 
tion that the concepts which the student has unconsciously 
formed and his instincts are quite correct, and need not to be 
. broken up, but to be built upon, and treated in Janguage of 
scientific precision. 

Suppose that a high-school student with these concepts and 
instinets, and with a slight acquaintance with algebraic equa- 
tions, has had a week’s instruction in elementary statics and 
two days’ practice with the above syllabus and problems given 
to illustrate it, I should expect him to pass an oral quiz on the 
subject about as follows: 


Quiz. 


Q. What is foree? A. A pull or a push. 

Q. What is matter? A. Anything that can be pulled or 
pushed. 

Q. What is meant by quantity of matter in a body? A. 
How much matter there is in the body. 

Q. How do you find how much matter there is in a body? 
A. By weighing it on an even balance scale, or on a platform 
or lever scale. 

Q. How do you state the amount of force applied to a body 
and how much matter it contains? A. Both of them in 
pounds. 

Q. What is a pound of matter and what is a pound of force? 
A. A pound of matter is the quantity of matter contained in 
a pound weight, and a pound weight is a piece of metal 
marked 1 lb., a copy of the standard pound which is preserved 
in London. A pound force is the force that the earth’s gravi- 
tation exerts on a pound of matter at latitude 45° at the sea 
level, called the standard locality. 

Q. Does no confusion result from the use of the same word, 
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pound, to signify both a quantity of matter and the magnitude 
of a force? A. No, for when we use the word we always 
know whether we are talking about matter or about force, and 
when we use the word pound or pounds in relation to a body 
it means both matter and force at the same time, thus a 10-lb. 
piece of iron means both 10 lbs. of matter as weighed on a scale 
and that the pull of the earth upon it at the standard locality 
is 10 lbs. of force. In like manner we use the word ‘‘ weight’’ 
in a double sense, to mean both the quantity of matter in 
pounds and the force in pounds with which it is attracted to 
the earth in the standard locality. 

Q. What properties of matter are we concerned with in 
dynamics besides its quantity as measured on an even bal- 
ance scale? A. Two, the property of being attracted by 
gravity, or heaviness, and the property of resisting accelera- 
tion, or resisting any change of motion, which we call inertia. 

Q. What is meant by acceleration. A. Quickening of speed, 
getting faster and faster. 

Q. Explain how these two properties enter into dynamical 
problems. A. First as to heaviness. In order to lift a body, 
says 10 lbs. of iron, at the standard locality, on account of its 
heaviness we have to exert a lifting force of at least 10 lbs. 
This minimum force is equal to the earth pull, and both are 
numerically equal to the quantity of matter. A very slight 
force in addition to the 10 lbs. will cause it to move upward at 
a slow velocity. Second, as to inertia. If we apply a lifting 
force considerably greater than 10 lbs., say 10.5 or 11 lbs., and 
continue it for an appreciable time, the body will be raised 
with a constantly increasing speed, or with uniform accelera- 
tion, provided there is no frictional resistance. The extra 
force of 0.5 or 1 Ib. is required to overcome the resistance due 
to inertia and cause the body to move with increasing velocity. 

The resistance to lifting, due to gravitational force, is equal 
to the quantity of matter or weight of the body; the resist- 
ance due to inertia, or force required for acceleration, may be 
greater or less than the weight, but is proportional to weight 
and is expressed by the formula F—WV/gT, that is, it is 
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proportional to the weight and to the velocity acquired at the 
end of a time 7, and is inversely proportional to the time. 

Example: A sled weighing 32.2 lbs. is dragged on smooth 
ice. Assuming no friction, and starting from rest, what force 
would give it an acceleration of 1 ft. per sec. per sec.? Ans. 


=1)b. 


Q. How would you actually measure acceleration? A. By 
earefully noting the distance a body moved in each second of 
time (or shorter interval, as might be done with a moving 
picture machine), tabulating or plotting these distances 
(which are also the mean velocities) with respect to time, cal- 
culating the velocities at the end of each second, and the in- 
crease of velocity, which is the acceleration. Example: Start- 
ing from rest the distances traversed by a body are as below: 


Time, Seconds. ie at 

Distance, total, o | 15] 55 {11 17 
*« each sec. (also mean volocity)..| 0 1.5 | 4 5.5 6 
0 3 5 6 6 
0 3 2 1 0 


The last line shows that the example is not one of uniform ac- 
celeration, such as that of a body falling in a vacuum, but one 
of decreasing acceleration, corresponding to the case of a rail- 
way train starting from a station; the frictional resistances 
increasing while the speed increases, leaving less of the pulling 
force available for further increase of speed. The plotting 
shows the relation of velocity to time as three inclined lines 
followed by a horizontal line. If observations had been made 
at shorter intervals than one second the sequence of lines 
would more nearly approach a smooth curve. 

Q. What do you mean when you say the velocity is 3 at the 
end of the first second? A. The velocity is 3 ft. per second, 
that means that the body would travel 3 ft. in the next second 
if the speed did not increase. 

Q. How would you compute acceleration theoretically, with- 
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out making observations? A. It can be done only by mak- 
ing certain assumptions, or by having certain data given. 
Thus if we know the weight of the body, and the amount of 
force that is- available for increasing the speed, after sub- 
tracting the force that is required to overcome gravitational 
or frictional resistance, then the acceleration in feet per second 
in each second may be found by the formula A>=V/T 


TP 

i 
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_ Distances each.second and mean velocities 


Q. In your answers you have used a good deal of technical 
language, and they sound as if you had recently been study- 
ing a textbook. Can you say how much of what you have 
told us is what you have recently learned and how much of 
it is knowledge or notions that you had before you studied 
the textbook? A. Why, I knew nearly all of it before. I 
knew the meaning of the words pound, force, weight, speed, 
as they are commonly used. I had towed a heavy boat, and 
dragged a heavy sled, and knew that the harder I pulled the 
quicker I could get up speed on the boat or the sled, and 
that the heavier the boat was the longer the time it took to 
get up a good speed when I pulled it as hard asI could. I also 
knew that after I had pulled the boat long enough to get such 
speed that it was making waves I could not get it to move any 
faster ; it seemed to take all my strength to keep it moving at 
that speed and making waves. I knew a lot about matter but 
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I called it stuff. I knew a lot about acceleration but I called 
it getting up speed. I knew a lot about force but I called it 
a pull or a push, and I was familiar with the word resistance. 
I had heard the word inertia, but thought it meant laziness, 
and that mental inertia was mental laziness, but now I know 
that it also means a kind of laziness of matter, that matter 
will not move or change its speed or direction of motion un- 
less it is pulled or pushed. What I have learned from the 
textbook is that the notions I already had may be put into 
technical language and expressed in algebraic formulas, that 
force, weight and acceleration have certain numerical relations 
that can be put in algebraic shape and plotted on cross-sec- 
tion paper. I have also learned certain numerical facts such 
as that a body falls 16 ft. in the first second, acquiring at the 
end of that time a velocity of 32 ft. per second, that the veloc- 
ity increases at the rate of 32 ft. per second in each second, 
that its velocity varies directly as the time, while the distance 
it falls is 16 times the square of the time, and I have learned 
how to apply these figures and formulas in solving problems. 
That is about all. 

Q. What is your concept of mass? A. I haven’t any. Our 
teacher says we had better leave the word mass alone until 
we get as far as the C. G. S. system, in which the word mass 
is used for quantity of matter in grams. He says the college 
professors don’t agree as to the meaning of the word, one of 
them saying that it is a concept of kinetics, not to be reached 
at all by static experiments, and that it came into science by 
way of Mars and the moon; while another says it is a funda- 
mental concept, the quantity of matter in a body, the unit of 
mass being 32.174 lbs. which some books call a gee-pound or a 
slug, or engineer’s unit of mass, although engineers never use 
it. Still others say that mass is not a concept but merely a 
mathematical quotient or ratio, W/g, and still others say that 
mass is inertia. So I am leaving the concept of mass alone, 
to avoid getting my ideas all mixed up. 

_Q. Suppose that you should forget all the formulas, how 
would you recover them if you did not have access to a text- 
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book? A. I would probably remember some of the facts 
about falling bodies, that a body falls 16 ft. the first second, 
increasing its velocity 32 ft. in each second, and reproducing 
the triangle illustrating falling bodies I could discover some 
of the formulas. Then I would remember the results of drag- 
ging the sled, that in order to get up speed quickly the load 
must be small or the force great, and from that I might get 
the formula V—FTg/W. From falling bodies I would get 
the relation S==14VT, and by transposition and remember- 
ing that M—=W/g I might be able to develop all the other 
formulas. 

Q. How much force is required to stop a moving body of 
weight W and velocity V? A. Force alone would not stop it, 
it requires force applied for a time through space. The 
body has momentum MV and energy %MV*. To stop it a 
force F (or a varying force whose mean value is F’) must be 
applied for a time T so that the product FT will equal MV, 
or through a distance S such that FS—=4%4MV*. The greater 
the force the shorter will be the time and the distance. 
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SUBJECTS RECOMMENDED FOR INCLUSION IN 
CIVIL ENGINEERING COURSES TO QUALIFY 
GRADUATES TO ENTER THE FIELD 
OF HIGHWAY ENGINEERING. 


BY ARTHUR H. BLANCHARD, 
Consulting Highway Engineer, New York City. 


The development of the construction of highways in the 
United States during the past decade has created a demand 
for broadly trained highway engineers which far exceeds the 
supply. The present situation is readily grasped when the 
following facts are analyzed. According to a statement re- 
cently issued by the office of the Secretary of Agriculture of 
the United States ‘‘during the past twelve years the annual 
expenditures on the rural roads and bridges in the United 
States has increased from about $80,000,000 to about $282,- 
000,000, or an increase of more than 250 per cent. The pub- 
lic roads of the United States, outside the limits of incor- 
porated towns and cities, have at the present time a total 
length of about 2,452,000 miles, of which about 277,000 miles 
or 11.3 per cent. are improved with some form of surfacing. 
The mileage of surfaced roads is increasing at the rate of 
about 16,000 miles per annum.’’ Of the forty-eight states, 
forty-four have highway departments. There are over three 
thousand counties in the various states. The county and 
township highway work is in the hands of one hundred thou- 
sand highway officials. The twelve thousand municipalities in 
the United States each have from one to twenty officials in 
charge of departments whose work pertains to highways. In 
the states, counties, and towns certainly not over 5 per cent. 
of the highway officials possess the training and experience 
necessary to efficiently and economically perform the duties 
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imposed upon them. With reference to municipalities, the 
percentage may be increased to 25. 

The public demand for efficient instruction in highway en- 
gineering is well expressed in the following quotation from 
one of the publications of the National Automobile Cham- 
ber of Commerce: ‘‘It is desirable that as many institu- 
tions as possible should offer highway courses in the senior 
year, of not less than three hours a week for the full col- 
legiate year. Graduates from these institutions, who have 
the executive ability and other qualities that would fit them 
for the higher administrative positions, can then pursue their 
studies in highway engineering in postgraduate courses of- 
fered in a limited number of universities equipped with prop- 
erly qualified instructors, apparatus, ete. Before taking such 
an advanced course, however, students should have a year or 
more of actual experience in road building; otherwise they 
will be unable to grasp the significance of all the lectures and 
studies. ’’ 

The consensus of opinion of eminent highway engineers to 
the effect that more time should be devoted to highway engi- 
neering in civil engineering courses was well expressed in 
1911 before the Society for the Promotion of Engineering 
Education by the late Harold Parker, former chairman of 
the Massachusetts Highway Commission, who said: ‘‘I have 
found in my own experience that, although I could get civil 
engineers well fitted for all the work ordinarily required of 
a civil engineer, I could not obtain a man fitted for high- 
way work until years of practice in the field had rendered him 
efficient and useful. This has been the experience of prac- 
tically every commissioner who has had charge of state work 
and of those who have the street departments in a municipal- 
ity under their charge as well.’’ 

It is evident that educators in American institutions of 
learning are rapidly appreciating the necessity of. rearrang- 
ing civil engineering courses to meet the present needs of the 
profession. For example, in 1909 only 50 per cent. of the in- 
stitutions in the United States included a course in highway 
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engineering in their civil engineering curricula, while in 1912 
the percentage had increased to 85, and today it is with diffi- 
culty that a civil engineering course in a first-class institution 
ean be found which does not include, either as a requirement 
or an elective, a course in highway engineering. 

As the other papers presented in this symposium compre- 
hensively discuss the essentials of the educational training of 
highway engineers and the requisite qualifications of engi- 
neers who are candidates for positions with state, county, and 
municipal highway departments, contractors’ organizations, 
and in other fields open to specialists in this branch of en- 
gineering, this paper will be primarily devoted to a statement 
covering the subjects which should be included in a four-year 
civil engineering curriculum in order to qualify graduates to 
enter the field of highway engineering. The time assigned to 
highway engineering, per se, is based on the fundamental 
principle stated as follows by Dean F. E. Turneaure: ‘‘It is 
our belief that highway engineering should be given rela- 
tively about the same emphasis in a college course as other 
branches of civil engineering.”’ 


General Subjects: English Composition (2 years, 3 hours 
per week) ; Public Speaking; English Literature ; Fundamen- 
tals of French and German Grammar and Translation (3 
hours for 1 semester for each language) ; Economics; Social 
and Political Science; Philosophy; Physical and Military 
Training. 

Science: Algebra; Plane and Spherical Trigonometry; 
Plane, Solid, Analytical and Descriptive Geometry ; Elements 
of Calculus; Freehand, Mechanical and Topographical Draw- 
ing; Physics and Chemistry (lectures and laboratory) ; Geol- 
ogy and Astronomy (lectures and field work). 

General Engineering: Applied Mechanics ; Elements of Elec- 
trical and Mechanical Engineering; Engineering Jurispru- 
dence. 

Civil Engineering: Plane, Topographical and Railroad Sur- 
veying; Railroad Engineering; Strength of Materials (lec- 
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tures and laboratory) ; Foundations; Elements of Structures 
and Structural Design; Elements of Sanitary and Hydraulic 
Engineering. 

Highway Engineering: (3 hours per week for 1 collegiate 
year in every civil engineering course, and 3 to 6 hours addi- 
tional per week for one semester as elective in certain institu- 
tions, dependent upon local requirements and conditions.) 
The following subjects should be included in a highway en- 
gineering course: Historical Development of Highways (ex- 
emplifying interrelationship between social progress and im- 
provement of methods of transportation and travel) ; Prelim- 
inary Investigations, Surveying and Mapping peculiar to 
Highway Engineering; Traffic (including types, census and 
effects upon road and pavement surfaces and foundations) ; 
Design of Highways (including grades, cross-sections, drain- 
age and foundation problems, estimating quantities and cost 
data) ; Materials of Construction (lectures and demonstration 
laboratory work with soil, sands, gravels, rocks, bricks, woods, 
cements, concretes, and bituminous materials) ; Construction, 
Maintenance and Preparation of Specifications (covering 
earth, sand-clay, gravel and broken stone roads; bituminous 
surfaces on gravel and broken stone roads; bituminous 
macadam, bituminous concrete, asphalt block, sheet asphalt, 
wood block, stone block, brick, and cement-concrete pave- ~ 
ments); Street Cleaning and Snow Removal; Car Tracks, 
Pipe Systems, Curbs and Gutters; Highway Structures (in- 
cluding design, materials, and construction of bridges, cul- 
verts and retaining walls) ; Comparison of Roads and Pave- 
ments (including consideration of durability, sanitary quali- 
ties, noiselessness, slipperiness, resistance to traffic, annual 
cost, records and cost data forms) ; Highway Economies, Ad- 
ministration and Legislation. 

In conclusion it is recommended that highway engineer- 
ing courses in civil engineering curricula be given by teachers 
who have had experience in the construction and maintenance 
of highways. It is generally recognized that the most effi- 
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cient instructors are those who have had a combination of 
experience in teaching and practice in the branches of engi- 
neering assigned to them. The rapid development of the 
art and science of highway engineering makes this funda- 
mental principle particularly applicable to the selection of 
instructors in this subject. 
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BY H. H. HIGBIE, 
Professor of Electrical Engineering, University of Michigan. 


All new developments in the system of education for engi- 
neers, and all reforms in the methods of education as now 
practised, should obviously be founded upon a clear concep- 
tion and a thorough understanding of the proper purposes 
and practical limitations of college training, particularly in 
relation to applied science. Successful realization of its pur- 
poses may come to a college, as to an individual, only when 
those purposes are conceived and pursued with reasonable 
regard to the mental and moral resources and frailties of the 
human material that must do the work or be wrought upon, 
and the proper relation of this agency to many others which 
inevitably must function, and should codperate, in the com- 
plete education of a man. 

Reduced to simplest terms, the purpose of this paper is to 
indicate what we may reasonably expect to accomplish through 
college training for engineefs, and what we may not expect to 
accomplish, to the end that the teaching faculties may be 
guided to the most productive expenditure of their efforts and 
that students may be led to view their opportunities at college 
in proper spirit and perspective. 

The views expressed herein are not to be weighed merely as 
emanating from an individual student of engineering educa- 
tion: they are in substantial accord with those of a consider- 
able number of able practising engineers who responded to a 
questionnaire sent out in April, 1914, by the writer in behalf 
of the national intercollegiate honorary engineering frater- 
nity ‘‘Tau Beta Pi’’ in which he had the honor of being presi- 
dent. The questions were based upon a considerable per- 
sonal experience in studying and testing educational theories 
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and methods, and they covered broadly as well as in detail 
the purpose, scope and content of courses and methods of in- 
struction in various branches of engineering. Every man to 
whom these questions were addressed had made at college a 
record which ranked him in the highest quarter of his class. 
He had then been elected to membership on the basis of his 
personality and human qualities. At the time these questions 
were answered, the men had been out of college for from four 
to forty years, and had engaged in various kinds of work with 
various degrees of success. They represented perhaps a score 
of different colleges. They had various objects in seeking an 
engineering education, and they appraised the value of that 
training according to various standards. 

As this inquiry was well under way before the correspond- 
ing investigation by the Carnegie Foundation had been 
started, it was pursued independently to a conclusion. The 
replies to each question were studied carefully, and represen- 
tative quotations with digested summary were published 
serially in the official quarterly of the Tau Beta Pi fraternity. 
The whole series has been republished as a hundred-page 
booklet, which may be had for the asking by teachers who are 
interested. While the present paper is an epitome of the 
publications aforementioned, according to the prevailing spirit 
of the various correspondents as the writer understood it, 
nevertheless he has not hesitated to amplify the discussion 
by presenting herein opinions of his own which are not at 
variance with those of a clear majority of these correspond- 
ents. 

On the whole, we are constrained to adopt a broader view 
of education, in that it should be primarily a systematic de- 
velopment and cultivation of the natural abilities of the in- 
dividual student, as they may be applied to engineering or 
applied science, and that only secondarily should it be con- 
cerned with acquiring a modicum of knowledge and sound 
training in the use of it. To the users as well as to the givers 
of education it becomes plainer as time and stress test the 
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product of the engineering colleges, that the greatest services 
a college may undertake to perform for its students are: 

First: To develop traits and habits which produce a credit- 
able and attractive personal address; through broadening the 
viewpoint, to lend modesty and temperance as well as self- 
confidence and polish; to incite a ready and genuine interest 
in the things that other people do and think about, and a con- 
cern with many other things than self; to perfect the ability 
to express thoughts in written or spoken language, readily 
and clearly, definitely, interestingly and convincingly, with a 
measure of simple elegance. 

Second: To establish a habit of thinking independently, in 
direct and simple fashion, and preferably in relation to useful 
ends; to create a sense of what constitutes accuracy, thor- 
oughness and finality in thinking and in doing; to give facil- 
ity and a sense of pleasure in thinking, and a desire to run 
forward to meet strange problems instead of avoiding them 
or doing them superficially. 

Third: To insist upon the thorough and permanent acqui- 
sition of a certain minimum amount of good basic material to 
found thoughts upon; to require a firm grasp of the funda- 
mental principles of science as applicable to all branches of 
engineering, so that the student when graduated may adapt 
himself without prejudice to life as he finds it; to arouse an 
appreciation of the relationships and the essential unity of 
scientific knowledge, creating in the student mind a fabric 
of knowledge rather than a patchwork, and making the mem- 
ory systematic and reliable rather than arbitrary and un- 
certain. 

Fourth: To exalt the personal ideals and morals of a stu- 
dent. To ingrain respect and love for truth, with zeal and 
pleasure in search for it wherever it may be found; sincerity 
and honesty, in thought and deed; regard for the sensibili- 
ties and opinions of other people and for the imperfections 
of self; ambition to attain the highest. development and use 
of natural endowments without becoming discontented over 
natural limitations; will power to pursue right ends per- 
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sistently, patiently, industriously; faith in the ultimate and 
suitable reward of hard work and ability; optimism and en- 
thusiasm in any work or enterprise which has been consid- 
ered worth undertaking. 

These things the college can do, probably more effectively 
than they could be done by any other agency or environment. 
However, there are other things commonly attempted by col- 
leges of engineering, which it is unlikely that they can ever 
develop successfully to any marked extent, namely: 

1. Experience and judgment in the applications of scien- 
tific knowledge and principles to practical problems. 

2. Special knowledge, expertness or speed in any particular 
branches of science or art. 

3. Equipment of knowledge or of method extensive enough 
to be adequate for any demand that may be made upon the 
student or the engineer without some measure of ingenuity 
or adaptive ability on his part. 

It is not properly within the scope of this paper to discuss 
in detail methods for effective and intensive cultivation of 
the appropriate field of college education for engineering, nor 
to particularize in respect to the specializations or the kinds’ 
of courses which had better be avoided or abandoned. It is 
of distinct value to note, however, the prime factors which 
must enter into any notable improvement in the proper func- 
tioning of the engineering college: 

First: Personnel of the teaching staff, and its contact with 
the students. 

Second: Study and investigation of educational problems. 

Third: Flexibility of the educational system. 

The prevailing opinion of the alumni who responded to this 
enquiry seemed to be that college training exercises its greatest 
and best influence socially, in the traits of character formed 
by observation of and association with teachers and fellow- 
students. If these features of college life are most important, 
it behooves college teachers to look to the morale, habits, disci- 
pline, ideals and mental processes of their students, far more 
than to the exact amount or kind of knowledge they have, or 
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the particular facts and laws they learn. College faculties 
must be composed of men who are, or will develop into big, 
strong, well-rounded personalities of high character, and of 
commanding force or persuasive gentility. These men must 
exert their personal influences upon the student in every 
proper manner. They may be general practitioners or spe- 
cialists, scholars or ‘‘practical men,’’ teachers of elementary 
or advanced courses, in either pure or applied science: the 
one all-important requirement is that they must be thor- 
oughly human, interested in the work of teaching and in the 
development of the best moral and mental qualities which 
may be aroused in each student, according to his endowment. 
Each teacher must have such intimate and profound knowl- 
edge of his subject and sufficient experience in his profession, 
that in the activities of teaching he may concentrate his 
attention upon his methods of presentation, his pupils and 
their individual characteristics and difficulties, rather than 
upon tomorrow’s lesson or the problem for next week. He 
must not do his teaching work in a perfunctory, soulless 
fashion, considering it either as a mere livelihood or as an in- 
consequential side issue; but he must display enthusiasm and 
devotion, for his attitude is contagious in any case. If the 
teachers are of this caliber, it matters little what they teach; 
if they are not of this type, it does not avail that they be giants 
of intellect or masters of large affairs. 

Critics of engineering education divide themselves roughly 
into two classes, which may be designated idealists and ma- 
terialists, respectively. The former are inclined to regard as 
of utmost importance the habits and the character training 
which the student acquires at college, while the latter measure 
the value of their education in terms of facts, laws, skill, in- 
formation and ‘‘courses.’’ The older men of broader vision 
testify that the real satisfactions of life come certainly to 
those who have acquired habits of application, persistence, ac- 
curacy, thoroughness, honesty and reliability, observation and 
coérdination, independence in thinking. It is possible for 
the teacher to create or to develop these qualities in the stu- 
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dent, where it is impossible to satisfy the numerous demands 
of the materialists, because every course in the college may be 
made to contribute its share toward the establishment of these 
habits, while specific information can be treated or emphasized 
only in individual courses. Moreover, these desirable habits 
are relatively few, and they are interrelated—that is, training 
in one of them would assist in developing several. 

In certain particulars, however, we note a remarkable unan- 
imity of opinion among the materialists. A vast majority 
of them believe that we should compel the student of engi- 
neering to acquire a better knowledge of the use of the Eng- 
lish language in both spoken and written discourse, than he 
seems now to be given. My investigation for Tau Beta Pi 
indicated that the time devoted to study of English should be 
more than twice as much as to foreign languages and nearly 
half as much as to mathematics or to general engineering 
mechanics, and that it might well occupy as much as 6.4 per 
cent of the entire time spent at college. 

The great majority of graduates when they leave Amer- 
ican engineering colleges are palpably and disgracefully weak 
and ineffective in their efforts to think what to say and in 
their ability to say what they think. The engineer’s chief 
business is the making or the discussion of specifications, pro- 
posals and contracts, in terms and manner which should be 
clear and unequivocal, simple and interesting. He must know 
enough of the meaning and use of words to be able to talk 
smoothly and with elegant simplicity while his mind is con- 
centrated on the thought which he wishes to convey rather 
than upon the mechanism of conveyance. 

Many alumni engaged in the practice of engineering, as 
well as many teachers who (like the writer) have studied care- 
fully the technique of teaching, believe that such expertness 
and facility as the engineer must have in the use of English 
cannot be acquired by brief studies or by immature minds, 
and that, therefore, adequate means should be provided in the 
engineering college for developing the student along this line, 
steadily and consistently during all the years of his training. 
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It is not necessary, perhaps not even desirable, to set aside 
during all this time separate periods for the formal study of 
English language; rather, we contemplate creating a stimulus 
toward studious use of the language in all the ordinary and 
informal activities of the student. While it may be difficult 
for a student to control habits of careless expression which 
originated in negligence or ignorance at home, much assist- 
ance would be rendered if every member of the teaching staff 
would be circumspect in his own use of language and would 
watch carefully the language which his students use, regard- 
less what may be the ostensible object of the instruction he is 
engaged to give. 

Notwithstanding the fact that over twenty years ago an or- 
ganization was formed to study the values and perfect the 
methods of instruction in engineering, it yet remains a fact 
that relatively few teachers in engineering colleges are even 
reasonably interested in the ideals and technique of the teach- 
ing profession. However, we are definitely impressed by a 
conviction of the majority of those (both professional teachers 
and practitioners of engineering) who have taken to heart 
the educational problem, that there is not more than enough 
time in the ordinary college course to lay a good foundation 
for engineering work—to acquire by thorough drill the fun- 
damental principles which are common to all branches. 
What the world wants is men—thinkers and doers—who can 
and will adjust themselves to the work that is to be done as it 
opens up. If the college should train men to use a few simple 
tools exceedingly well, these men could turn out wonderful 
work in almost any line. 

One good purpose really served by such slight specializa- 
tion as may be permissible in engineering colleges, is to en- 
liven the interest and thereby increase the achievement of the 
student, by choosing suitably the medium in which he culti- 
vates the fundamental principles. Students without experi- 
ence who clamor to be given special knowledge and training 
at the sacrifice of essentials, do not know what is best for their 
own future, and they should be denied. Advanced and tech- 
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nical courses are for the mature student who has found from 
experience where his bent lies and what his work will be. It 
would seem to be the majority opinion of those who have an 
experience broad enough to qualify them to express a valu- 
able opinion, that the kind of course in engineering applica- 
tions that may properly be given in college does not seriously 
attempt to render the student adept, nor to show him merely 
how to produce useful results by following obediently a given 
formula or procedure. Rather, the purpose of the ‘‘prac- 
tical’’ or specialized or professional courses at college should 
be to establish the habit of thinking in orderly and useful 
fashion and of harmonizing each thought and act with certain 
eriteria of thoroughness, of honest regard for truth as it ap- 
plies, of directness, simplicity and utility. Every theoretical 
course should be made practical in this regard, that it should 
develop in the student as much as possible of common sense, 
of solid values, of powers of observation and analysis, of in- 
spiration, and of healthy respect but not fear for the study 
itself. 

There is an insistent and reasonable complaint that the tech- 
nical training of the engineeer ignores or places too little 
stress upon the business of life, upon political and broad social 
interests and problems, with the result that the engineer does 
not take that commanding place in the management of human 
affairs to which his training, his knowledge and his high char- 
acter entitle him, and that he does not receive his due share 
of the material benefits of his labors. 

The order in which studies should be sacrificed for lack of 
time to make the instruction thorough and broadly fundamen- 
tal, from our investigation of alumni opinion seems to be 
about as follows: foreign languages, shop work, special engi- 
neering subjects (applied engineering or practical courses), 
purely cultural studies, English language, advanced parts of 
mathematics, chemistry, drawing. The belief seems practi- 
eally unanimous that foreign languages should go by the board 
immediately. Some voices are raised in protest, but even they 
are apologetic in tone, pleading that more time be spent on 
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the languages as a means to prevent the waste of all of it. 
A few plead in favor of languages, but they are usually people 
who have been cast into positions where knowledge of lan- 
guages, or of a particular foreign language, is an immediate 
necessity or has a peculiar value. 

There seem to be among engineers few advocates of the con- 
tention that foreign languages are valuable as purely cul- 
tural studies. It would appear that in general engineers are 
not unappreciative of the cultural and esthetic activities of 
life, but rather that their common sense and their practical 
regard for efficiency compel them to believe that a man can no 
more profitably be forced to acquire ‘‘culture’’ than a horse 
ean be forced to drink water. 

It is quite generally conceded even by those who advocate 
language study in the engineering college, that knowledge of 
foreign language is not ordinarily necessary for progress in 
the engineering profession or in business—in fact, that such 
knowledge is so infrequently called for that it is quite likely 
to be forgotten or to become virtually useless, unless prac- 
tised from some other motive than necessity. Even those 
alumni who appreciate the disciplinary value of foreign lan- 
guage courses do not claim that such discipline is as valuable 
to the undergraduate engineer as the discipline of scientific 
studies open to him. Many believe that all language training 
should be delegated to the preparatory school, much of it per- 
haps even to the grammar school or grade school. There 
seems to be a sound basis for such belief, for ability to as- 
similate languages depends upon power of memory rather 
than of reason, and in youth the memory is naturally devel- 
oped much earlier than the reasoning power. 

Before any subject of study is eliminated from the curricu- 
lum for lack of time, it should be the duty of teachers to 
study the efficiency of their own machinery and its work; and 
it should be the duty of the administrative officers of the staff 
to see that the teachers do this. As long as necessary courses 
contain accumulated dead material or are presented in spirit- 
less or laggardly fashion, as long as there is lack of codpera- 
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‘tion and correlation between courses resulting in unnecessary 
repetitions, there should be no thought of completely excising 
any desirable course from the curriculum. 

There is also an insistent demand that we reunite theory 
with practice—for instance, that we cease shaking the dry 
skeleton of mathematics which we have stripped of all flesh to 
satisfy the curiosity of our own matured minds in its anatomy, 
and that we clothe it and give it a semblance of life so that 
red-blooded youth may be induced to associate with it by in- 
terest and by choice rather than by compulsion. 

While few engineers find fault with the amount of mathe- 
matics which is taught to students in engineering colleges, 
many alumni advise that there should be a change in the 
manner of teaching the mathematics. Too generally mathe- 
matics appears to the engineering student merely as a ‘‘chore,’’ 
a subject to be ‘‘passed,’’ or mental gymnastics prescribed by 
the learned faculty as exercise for developing the student’s 
brain. The teacher of mathematics usually fails to give the 
student that inspiration and interest and sense of power and 
pleasure which come with a realization of the meaning and 
the utility of the mathematics. The student learns to go 
through the forms and motions of the science without ever 
entering into the spirit of it. He conceives the purpose to be 
that he shall learn how to deduce symbolic formule in which 
numerical values may be substituted for a, m, and 2, so that 
when he turns the crank the desired answer will be rapidly 
evolved. Rarely is he brought to understand that this mathe- 
matics is not merely a mysterious infernal machine but that 
it is a beautiful shorthand method for writing down and 
manipulating his own thoughts concerning the quantitative 
relations between real things. 

Regardless how many theorems he may know or how many 
propositions he may be able to trace back to axioms, that 
student has best caught the spirit of his mathematics, who is 
able to understand clearly whatever particular quantitative 
problem may be presented (whether it be proposed in words, 
in action, in materials, or in a situation), who can select and 
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manipulate quickly and unerringly such data as he requires, 
and who can demonstrate convincingly the results of his cal- 
culations. Many teachers of mathematics have acquired 
through instinct or training a dense ignorance or a kind of 
disdain for all practical applications of their science, and this 
disdainful ignorance is likely to be reflected in their teaching 
and to react unfortunately upon all but the most able and the 
most mature students. Mathematicians who have such tem- 
perament should not be permitted to teach students of engi- 
neering; for in engineering, mathematics though necessary is 
merely a means to an end and should be taught as such, not 
as the end in itself. 

Whatever may be the amount of mathematics taught or the 
manner of presenting it, engineers agree that it should always 
be taught thoroughly so that the student shall acquire a per- 
manent grasp of the science and shall be able to make use of 
it instantly on demand, easily, swiftly, and with some degree 
of pleasure or satisfaction. Whatever branch or part of 
mathematics he undertakes to learn, the student should be 
compelled to master it so that he uses it as readily as he should 
use arithmetic; mathematics half-learned or half-understood 
is not only useless but misleading. This does not necessarily 
require lengthening the mathematics courses, for most classes 
of students could be speeded up far beyond their present rate 
of progress if teachers would vitalize the courses of mathe- 
matics by showing the students how to throw their everyday 
problems into the mathematical form, how to interpret the 
results of mathematical processes in terms of ordinary phe- 
nomena, and how to accomplish by mathematics the solution 
of interesting problems which otherwise would seem unsolv- 
able. 

A large measure of responsibility for thorough training in 
mathematics undoubtedly rests with the teachers of engineer- 
ing as well as with the teachers of mathematics. Even if the 
instruction in classes of mathematics were ideal, all but the 
extraordinary students would lose their grasp of the science 
if they were not constantly required to apply it in the regular 
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work of classes of engineering and other subjects. While it 
is not advisable to use (merely for the sake of discipline) 
more mathematics or harder mathematics than is required to 
produce the desired results in the most efficient manner, never- 
theless the teacher of applied science or of engineering should 
not avoid the use of mathematics where the use of it would 
economize time or effort, for in so doing he vitiates the previ- 
ous mathematical training of his students and wastes their 
time. There should be codéperation and codrdination of the 
courses in engineering with the courses in mathematics as 
with the courses in English language, to the end that the de- 
velopment and discipline of the student shall be continuous 
and unremitting throughout the entire period of his college 
training. 

Of the three prime factors on which improvements in en- 
gineering education should be built up, one only now remains 
to receive some discussion in this paper, namely the flexibility 
of the educational system. Many students and alumni have 
had cause to feel that the engineering college in its rapid 
growth has been roughly adjusted for large masses and that 
it is too machine-like in its operation—that it breaks the small 
men while it fails to sharpen the big men. 

It is not considered impossible to operate schools, including 
engineering colleges, in a way to accomplish the greatest good 
to the most able individuals as well as the greatest good to the 
greatest number, if the system of instruction be less standard- 
ized and more flexible or adjustable to the natural varieties 
of real human beings for whom it is supposed to be designed. 
Various suggestions are made in this direction, including voca- 
tional guidance for intending students, or expert advice based 
on analysis of character and temperament and on a wide 
knowledge of the requirements of professions, business, and 
trades; requiring for entrance to the engineering colleges 
greater maturity and practical industrial or commercial ez- 
perience in the individual prospective student ; rearrangement 
of curricula so that students of small endowments and limited 
prospects may drop out of school after having received full 
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value for the time and effort already expended, whenever the 
further prospect becomes uninviting; reform of the grading 
system and of classroom methods so that each student shall 
be advanced as fast as his individual accomplishments war- 
rant, regardless of the progress of other students; and above 
all, sympathetic interest and effort of the teacher for each 
student, and restriction in the size of classes as far as funds 
will permit, so that this interest may be effective. 

The conviction seems to be quite general that the raising of 
entrance requirements for engineering colleges would be the 
most effective means of locating the men who have prospects 
of becoming good engineers, and avoiding the economic waste 
and the disappointments due to misfits and illusions, provided 
that a method of examination be devised or employed which 
shall distinguish wilful purpose from mere interest, fine grain 
from high polish, character and ability from accomplishments. 
From such an examination no individual or class should be 
exempt; every one should demonstrate that he is fit now, and 
every one stand fairly on his own merits. No one should be 
improperly confused by prospect of examination if our prac- 
tice were to make examinations usual instead of rare, if exam- 
inations were fair to all sides of the man, and if one were to 
realize that anyway the whole conduct of life is a long informal 
examination. 

We should be all agreed that inasmuch as college work 
is the student’s own business and concern, of which he is the 
beneficiary, he should work cheerfully as hard as may be 
necessary to obtain the greatest possible permanent return 
from his time and effort. Very early in his college career 
the student should be convinced by his instructors that it 
pays and is enjoyable to do real hard manful work which 
taxes his ability and endurance. While it is possible that 
some conscientious but immature students may spend so much 
time in going through the motions of working that they do not 
assimilate the essential principles of what they do, neverthe- 
less it is certain that the usual inefficiency of the common 
garden variety of student is not due to this cause, but rather 
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to lack of purpose, necessity or responsibility, to inadequate 
preparation in the prerequisite studies, and to numerous di- 
versions which have no educational value. 

To relieve the situation as much as possible, at the very be- 
ginning instructors should teach their students how to study 
“and how to know when they really understand, how to ob- 
serve, ask questions, and work intensively, so that greater 
output shall be achieved not merely by putting in more hours 
but also by getting more out of each hour. While the dilet- 
tantes and the defectives should be weeded out as soon as they 
ean be located with certainty, in justice to the genuine stu- 
dents, yet many who might otherwise drop into the former 
category may be saved if conscientious and individual effort 
from the instructors can assist them through the first year; 
because many students who manage to enter college have 
never received proper training of mind or of character in 
their homes or in the public schools and high schools. 

In the last analysis, it seems evident to many people that 
the greatest value in a college education has little or no rela- 
tion to the opportunities and achievements that may be due 
to it—in fact, that the larger ultimate value of any kind of 
college education may be attained if the immediate value be 
not considered. The chief value comes rather in the multi- 
plied and sublimated pleasures of living; in the vastly in- 
ereased interest and significance of things and of men; in the 
power to think, to concentrate, to conceive ideas and to take 
them apart or put them together; in short the value comes in 
knowing more paths to happiness and contentment through 
wider cultivation of the tastes and sensibilities. This being 
the case, it rests entirely with the individual how much addi- 
tional value he may expect, in the nature of money or of pro- 
fessional reputation or fame. 
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THE COORDINATION OF TEACHING AND 
RESEARCH. 


BY W. H. RAYNER, 


Instructor in Civil Engineering, University of Illinois. 


Among the many perplexities which surround the teacher’s 
work not the least important is the problem of deciding on 
the proper division of his time and effort between teaching 
and research. He must continually decide what proportion 
of his energy shall be devoted to broadening the fields of scien- 
tific knowledge upon which depends, we believe, the advance- 
ment of the arts and civilization itself; and what proportion 
shall be given to the education of the youth in his care for 
whom the educational institution obviously exists. Some dis- 
eussion of this question from various points of view and from 
all sources should be helpful to teachers in deciding more defi- 
nitely and wisely this ever present question and the institu- 
tion should be able to more nearly fulfill its proper function 
to the student, to the taxpayer, and to the nation. 

If we were sure of just what part of the institution’s out- 
put should be in the form of new ideas or in new light on 
old ideas, and what part should be embodied in the lives of its 
students then we might follow one of three plans. First, the 
annual budget would be divided on the chosen basis and one 
portion would support research bureaus, experiment stations, 
etc., the other portion would support only educational effort. 
Second, each unit in the institution, teacher, department, 
bureau, ete., would understand that the predetermined pro- 
portion should represent as nearly as possible the division to 
be made in its effort along these two lines. Third, a combina- 
tion of the two schemes mentioned above might be employed. 
However we are not likely to ever have any such definiteness 
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in this problem, hence we can only improve our treatment of 
it by methods and procedure based on analysis and by some 
understanding at least of its limitations. 

The value of investigation in every field is granted. And 
indeed, it may be many times more important than we as yet 
realize. Someone has ventured the suggestion that wherever 
a waste or a leak in our social order can be appraised, unem- 
ployment for example, the Government is warranted in spend- 
ing at least one year’s estimated loss in an attempt to prevent 
it. Of course such a plan may be deemed a gamble with na- 
ture but under expert and properly stabilized control, inves- 
tigation in every realm of knowledge might economically be 
extended to undreamt proportions. The universities have 
many facilities which make them peculiarly fitted for conduct- 
ing such investigations and they are very properly regarded 
as the centers for such work. 

There is no doubt concerning the value of independent 
thought, investigation, or contact with life on the part of the 
teacher as a means to vitalize and freshen his subject-matter 
and class-room exercises, also to strengthen and broaden his 
intellectual power. The entire absence of such influence: is 
fatal. The story is common concerning a professor in an 
English university who one day reproved a student for con- 
tinued inattention and listless attitude toward his lectures 
and the student replied ‘‘ Well, Professor, in this subject I 
have my father’s notes.’’ And on the positive side the evi- 
dence of living contact with his subject on the part of the 
teacher will surely arouse the enthusiasm of his students and 
increase their respect for and confidence in his instruction. 

The arguments for good teaching are equally cogent and 
must be carefully considered. First, we admit the fact that 
the influence of the teacher is the preponderant factor in all 
education. Students might as well secure most of their in- 
formation from encyclopedias were it not essential that this 
information should be vitalized, clarified, enriched, and col- 
ored by the personality of the teacher. From him the student 
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secures a point of view, a method of attack, encouragement, 
sympathetic advice, or an enthusiasm for hard work which 
are far more important than the information received. 

Plato made no distinction in his educational theories be- 
tween the moral and intellectual training. The development 
simultaneously of all the capabilities of the individual, phys- 
ical, mental, and spiritual, was the aim and purpose of his 
educational program. Aristotle first raised the question as to 
whether the object of education was ‘‘to improve the reason or 
to rectify the morals,’’ and laid his emphasis plainly on the 
latter. Quintillian the great Roman educator held the very 
definite view that ‘‘ education is something which acts upon 
the whole intellectual and moral nature, and something the 
object of which is the production of the effective moral man 
in practical life.’** So the emphasis on character training is 
no new thing, but the point to be emphasized here is that the 
development of the qualities to which Professor Mann calls 
our attention (character, judgment, efficiency, and under- 
standing of men) is far more dependent on the teacher than 
on the information given. 

The elaborate and expensive apparatus which is deemed 
valuable or necessary for good instruction implies some excel- 
lence in the quality of instruction. The more attention given 
to the former demands a corresponding improvement in the 
latter. 

In the combination, however, of the two functions, teaching 
and research, there arise many complicated relations both ad- 
vantageous and otherwise. Some of these will be discussed in 
the following paragraphs. 

We are all familiar with the pleasure and interest which ac- 
company individual initiative and achievement. Moreover, 
if the teacher believes that the good opinion of his fellows and 
superiors depends more on productive scholarship than on 
good teaching, the temptation becomes exceedingly great to 
neglect the latter wherever any conflict of interests arises. 

* Paul Monroe, ‘‘Source Book of the History of Education,’’ p, 421. 
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And unless the line of his research is nearly coincident. with 
his teaching, even the value of fresh grist for his mill is lost, 
and he falls back upon his subject-matter and methods of 
former years as his most convenient modus operandi. 

This latter tendency is peculiarly inviting in view of the 
fact that improvement in teaching requires real determina- 
tion and effort; and especially when the incentives and 
methods for improvement are more or less obscure. Teach- 
ing is unquestionably an art, and yet we know that accom- 
plishment in all the arts is based on a certain amount of tech- 
nique which must be patiently acquired. Entrance on the 
teaching profession, however, is usually undertaken in our 
institutions of higher learning by young men who have given 
but very little thought to the possibility of teaching and have 
been too busy in their preparation in their special subjects to 
give any time to the development of their teaching ability. 
Their first efforts are merely an improvision on the methods 
they recall from their own college experience. 

Good teaching has been considered by some as relatively 
unimportant with mature students who have had considerable 
experience in the acquiring of knowledge and who need par- 
ticularly to develop initiative and resourcefulness. The pre- 
ponderance of ‘‘nature’’ over ‘‘nurture’’ and the effect of 
tendencies fixed through habits which have been already 
formed leaves little need for the teacher’s art. European uni- 
versities are the examples often chosen to support this argu- 
ment. In this regard two or three facts are pertinent, first, 
argument by analogy has inherent dangers; second, it must be 
kept in mind that the German and French boys are under 
the most strict and formal guidance both intellectual and 
moral until they have completed the equivalent of our sopho- 
more year; and third, the German universities are organized 
on the fee system entirely, which is not conducive to super- 
vision or regulation of any kind. 

The difficulty of accurately appraising the relative merits 
and importance of the two kinds of activity under considera- 
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tion is further increased by the fact that quality in teaching 
is incapable of accurate measurement. We have no standards, 
seales, or units by which a man’s work can definitely be said 
to be good, fair, excellent or poor. Whether for good or ill, 
the policy of non-inspection of class-room work largely pre- 
vails; and moreover if inspection were practised what indeed 
would be the criteria by which the teaching would be judged? 
Certain devices such as handwriting scales, arithmetic tests, 
and supervisor’s score-cards are used in modern secondary 
school systems but nothing of a similar nature has been ap- 
plied to our higher institutions. 

On the other hand it requires no elaboration to make clear 
the fact that ‘‘productive scholarship’’ is susceptible of very 
definite measurement and rating. 

The above considerations indicate clearly why the teacher 
is in the midst of very real difficulties in establishing a proper 
poise between his teaching and research efforts. And in con- 
clusion, these considerations prompt a few suggestions which 
the writer believes will aid in some improvement in this situa- 
tion. 

First, it is believed that it will require a philosophical 
treatment of the problem to enable us from fundamental con- 
siderations to evaluate the relative importance of research and 
good teaching in the output of a university. 

Second, since good teaching is inherently intangible, we 
must emphasize and encourage its improvement by every pos- 
sible means. We recognize the value of our Society through 
the Bulletin and the annual meetings, and we should seek in 
every possible way to aid in its work. Within the faculties 
of our schools there are possibilities through conferences and 
lectures of help, encouragement, and stimulation in the 
teacher’s work. These means are undoubtedly being used to 
some extent by all our schools and are capable of enlarged 
scope and usefulness. We may possibly look to the time when 
some teacher training in the Department of Education will 
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be considered highly desirable if not a necessary part of the 
young instructor’s work. 

Third, rewards in recognition and salary should be used to 
align the teacher’s motives with the best interests of the stu- 
dent, the institution and the nation. 

Fourth, we need more definite aims throughout our educa- 
tional system. We need to have the vast number of our edu- 
cational theories and practices centered around definite ideals 
rather than partaking of the nebulous state in which they 
now exist. 
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EDITORIAL. 


A small committee has,-for the past year, been codperating 
with the Immigration Committee of the Chamber of Com- 
merce of the United States, in an effort to find a wise and 
practical method of doing necessary educational work: 

‘*First: to reclaim industrial ‘efficiency’ from the field of 
popular experiment and bring about among employers an 
agreement that industrial relations are an integral part of 
business organization, to be accounted as production and sell- 
ing are accounted, and to be supervised by able executives. 

‘*Second: to secure for employers men who are capable of 
handling this phase of the work—i. e., men trained both in 
production and in the management of men.”’ 

In connection with this work it has been proposed to send a 
letter addressed to professors in engineering colleges from 
which the following paragraphs are taken: 

‘*We find that employers are very generally in favor of or- 
ganizing ‘industrial relations’ in their plants as an integral 
part of business administration. But in order to do this 
they need men trained in production, with additional train- 
ing in the handling of men and with the ability to understand, 
through practical experience, the workman’s point of view. 
After a careful survey we find that as yet only a very few en- 
gineering colleges give their men this practical training. 

‘*T think you will agree that industry must look to the engi- 
neering colleges to give them men with this twofold prepara- 
tion. Men self-trained in industry, while equipped on the 
production side, can rarely have the breadth of gauge and 
outlook that the work demands. 

‘‘After conference with the leading engineers of the 
country at the dinner meeting called for this purpose on 
January 19 in New York by Mr. and Mrs. Astor and this 
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PERSONALS, 


Committee, and after conference with representatives of the 
engineering colleges, we are respectfully submitting the en- 
closed outline to the engineering colleges of the country, with 
the suggestion that it be made the basis of an experimental 
semester course of lectures. To be adequate, the work would 
need eventually to be continued through the five or six years 
of the course. Each college would, of course, develop its own 
plan. For the present we ask your codperation in arranging 
such an experimental course in your college for next year.’’ 

I believe it is necessary to order to secure the best results 
in this training, that the young man should, in his formative 
years, have the opportunity of studying at first hand, labor 
and labor conditions, including such problems as sanitation, 
safety, housing, etc. This can be accomplished by having the 
young man work side by side with the laboring man, thus be- 
coming familiar not only with the work which the man does, 
but actual conditions under which the work is carried on, and 
what is more important, the personal attitude of the workman 
to the work which he is doing and the firm for which he is 
working. 

In my own experience I have known young men who, at 
the end of their freshman year, were sent into practical work 
under the codperative system of the University of Pittsburgh 
and at the end of three months have returned to the Univer- 
sity with a rather advanced socialistic idea of the workman 
and his problem. However, at the end of his course after 
spending three more periods of three months each in the in- 
dustries, he commenced to grasp more clearly not only the 
workman’s point of view, but that of the employer and upon 
graduation when he is to enter permanently the ranks of the 
industries, he has a clearly defined attitude in regard to labor 
and labor problems which serves him well. 


PERSONALS. 


_ Mr. W. O. Wiley, who for the past ten years has served the 
Society for the Promotion of Engineering Education in the 
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PERSONALS. 


capacity of Treasurer, has recently resigned his position as Sec- 
retary of the John Wiley & Sons, Inc., to accept the position 
of Treasurer of the same company. The membership of the 
Society will wish Mr. Wiley continued success in his new re- 
sponsibility. 

Dr. Charles Warren Hunt, Secretary, American Society of 
Civil Engineers, has accepted appointment on the Committee 
on the Standardization of Technical Nomenclature of the So- 
ciety, in the place of Mr. Wright, who resigned. 

Dr. W. F. M. Goss, for many years associated with the 
Schools of Engineering, Purdue University, and, since 1907, 
dean of the College of Engineering of the University of Il- 
linois, has resigned that office, effective March 1, 1917, to as- 
sume the presidency of the Railway Car Manufacturers’ As- 
sociation, an office to which he was elected on February 1, 
subject to his release by the university authorities. 

The Railway Car Manufacturers’ Association is of recent 
origin. It is made up of representatives of fifteen different 
organizations engaged in the manufacture of railway cars, 
freight and passenger. It will seek to establish codperative 
relations with the purchasers of cars, and to aid especially in 
the matter of standardizing the design and specifications of 
ears. It will study problems of the industry as presented in 
the work of individual plants, such as cost accounting, wel- 
fare work, ete. The purpose of the association, broadly 
stated, is to aid in increasing the efficiency of one of the 
country’s great industries. It will work along broad lines on 
the theory that if the efficiency of the industry can be im- 
proved, benefits will accrue to the purchasers of cars and ul- 
timately to all who use them. 

The Carnegie Institute of Technology announces the selec- 
tion of a successor to Dr. John H. Leete, dean of the School of 
Applied Science of the Carnegie Institute of Technology, who 
becomes the director of the Carnegie Libraries. The succes- 
sor to Dean Leete is Professor William Elton Mott, who has 
been in charge of the Department of Civil Engineering of the 
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NEW MEMBERS. 


School of Applied Science since 1909. He is a graduate of 
the Massachusetts Institute of Technology, Boston, and taught 
at his alma mater from 1889 to 1890. From 1890 to 1892 
he was engaged in private engineering practice. From 1892 
to 1905 he was a member of the faculty of Cornell Univer- 
sity. From 1905 to 1909 he was associate professor of hy- 
draulics at the Massachusetts Institute of Technology. 

The members of the Society will be interested in the re- 
cently announced consolidation of the MeGraw Publishing 
Company, Inc., and the Hill Publishing Company, both of 
New York. The new company thus acquires the following 
technical papers: Electrical World, Electric Railway Journal, 
Electrical Merchandising, Engineering Record, Metallurgical 
and Chemical Engineering, The Contractor, American Ma- 
chinist, Power, Engineering News, Engineering and Mining 
Journal, and Coal Age. Two of these, the Engineering News 
and Engineering Record, will be consolidated under the title 
of Engineering News-Record, with Mr. Charles Whiting 
Baker as editor-in-chief. 


NEW MEMBERS. 


Buuwock, W. E., Editor, American Society of Mechanical Engineers, 
New York, N. Y. 

Dorrou, J. H., Dean, School of Engineering and Professor of Civil En- 
gineering, University of Mississippi, University, Miss. 

DowELL, Dawson, Instructor in Civil Engineering, University of Pitts- 
burgh, Pittsburgh, Pa. 

Morrow, L. W. W., Associate Professor of Electrical Engineering, Act- 
ing Director, School of Electrical Engineering, University of Okla- 
homa, Norman, Okla, 

PrRoBERT, F', H., Professor of Mining, University of California, Berkeley, 
Calif. 

Rosert, J. H., Instructor in Applied Mechanics and Machine Design, 
Kansas State Agricultural College, Manhattan, Kans, 

SPRINGER, G. P., Assistant Professor of Civil Engineering, Maryland 
State Agricultural College, College Park, Md. 
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BOOK REVIEWS. 


Stivers, E. R., Instructor in Civil] Engineering, University of Florida, 
Gainesville, Fla, 

UNIVERSITY OF Toronto, Toronto, Ont., Canada, R. A. Falconer, Presi- 
dent. 


BOOK REVIEW. 


Lettering for Draftsmen, Engineers and Students. By Cas. 
W. Remuarpt (former Chief Draftsman, Engineering 
News). Fourteenth edition, revised and enlarged, D. Van 
Nostrand Company. 1917. 934 734. 39 pages and 14 
plates. Price $1.00. 

This book is intended to give a practical system in freehand 
lettering for working drawings. Freehand lettering is devel- 
oped from first principals and proper stress is laid on the ele- 
mentary and important parts. The application of lettering 
to working drawings is taken up in a clear and concise way 
and special care has been taken in the selection of the illustra- 
tions. A considerable portion of the book is devoted to letter- 
ing of titles and the different methods are well brought out 
by the use of illustrations. Fourteen plates on different types 
of lettering, drawings and titles complete the work. The 
book is undoubtedly one of the best published and should be 


of great value to students. 
D. D. 


POSITIONS WANTED 
925. Former professor of civil engineering, with 
valuable experience in design and construction, is 
available for a university appointment. 


926. Instructor in electrical engineering, E.E. de- 
gree, thorough business training, practical experience, 
and four years in teaching. Present engagement 
chiefly laboratory courses. Desires broader oppor- 
tunity after July 1. 
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Three Engineering Achievements 


First—the Panama Canal 


Where G-E Generators furnished all the electric 
power used in building and are supplying the elec- 
tric power used for operating it to-day. G-E Motors 
helped build this canal and are operating it. 


Then—the Catskill Aqueduct 


E> Where G-E equipment was selected 
' \ for applying 95% of all electric 


SS oe power used in the construction and 
Sy for practically all the power 
for operation. 


The Barge Canal 


is operated throughout with General Electric Company 
equipment. 

With every form of power to choose from electricity was 
selected — with every make of electrical apparatus to 
select from that bearing the name of the General Elec- 
tric Company was used in nearly every instance. 


General Electric Company 
General Office: Schenectady, N. Y. 


District Offices in 
Boston, Mass. New York, N. Y. Philadelphia, Pa. Atlanta, Ga. Cincinnati, Ohio 
Chicago, Ill. Denver, Colo. San Francisco, Cal. St. Louis, Mo. 6508 


=> 
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PANAMA 
» 
“BARGE CANAL 
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When Your Students 


Secure jobs that include 
“testing,” they are very 
likely to be required to meas- 
ure insulation resistance 
with a 


Megger Testing Set 


Therefore why not make 
them familiar with the “Meg- 
ger Method,” before leaving 
school or college? 

Sooner of later, we believe 
A Megger will be found in 
each well equipped Engineering Laboratory ; and shall be glad to do our, 
part, by supplying full particulars (including catalog) upon reque st. 


JAMES G. BIDDLE 


(211-13 ARCH STREET PHILADELPHIA 


The Leeds & Northrup Co. 


. Electrical Measuring Instruments 
of Precision 


for use in Engineering Laboratories 


Our publications contain much scientific information 
of interest to Engineers. If you are not receiving this 
literature may we place your name upon our mailing list ? 


4910 Stenton Ave. PHILADELPHIA 
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This immensely valuable catalogue sent free on request 


A DESCRIPTIVE LIST OF 


TECHNICAL BOOKS 


Prepared by a Committee of the 


SOCIETY FOR THE PROMOTION OF 
ENGINEERING EDUCATION 


This is a reprint of the list issued in 1905, with a supplement con- 
sisting of newer books recommended by Epwarp F. Srevens, Librarian 
of the Pratt Instirute Free Liprary. 

The above list includes but a small portion of our extensive stock of 
technical and scientific books. We invite correspondence with this de- 
partment of our store, and also recommend our Montuty Butwerin oF 
New Books, giving descriptions of all new books both general and tech- 
nical, which will be sent free to any address. 


A. C. McCLURG & CO. 
218-224 South Wabash Avenue alt CHICAGO 


THE NEW ERA PRINTING COMPANY 


LANCASTER, PA. 


is prepared to execute in first-class and satisfactory 
manner all kinds of Printing, Electrotyping and 
Binding. Particular attention given to the work of 
Schools, Colleges, Universities and Public Institutions 


Books, Periodicals 
Technical and Scientific Publications 


Monographs, Theses, Catalogues 


Announcements, Reports, etc. 
All Kinds of Commercial Work 


Publishers will find our product ranking with the best 
in workmanship and material, at satisfactory prices. 
Correspondence solicited. Estimates furnished. 


THe New Era Printing Company 


‘ 


The Bulletin of the Society for the Pro- 
motion of Engineering Education 


PUBLICATION COMMITTEE 
G. R. Chatburn, Henry S. Jacoby, F. L. Bishop 


The Bulletin is the official organ of the Society. It is published 
monthly from September to June. Jt contains not only the text of papers 
presented before the Society, but also college notes, short contributions from 
members, and matters of general interest to all persons connected directly 
or indirectly with technical education. 

The Society comprises about fifteen hundred teachers, engineers 
and other persons interested in technical education and a considerable num- 
ber of educational institutions. 


Subscription Price 

The membership fee includes one subscription to the Bulletin. To 
non-members, and libraries, the price of the Bulletin is $2 per year. 
Libraries may subscribe for the Bulletin and Proceedings for $4 per year. 

Communications regarding subscriptions, advertising and editorial 
matters should be addressed to The Bulletin of the Society for the 
Promotion of Engineering Education, 41 North Queen Street, Lan- 
caster, Pa., or to the Editor, Dean F. L. Bishop, University of 
Pittsburgh, Pittsburgh, Pa. Remittances should be drawn to the order 
of Mr. W. O. WILEY, Treasurer, 432 Fourth Avenue, New York. 


Proceedings 
of the 


Society for the Promotion 
of 


Engineering Education 


contains the best literature in the English language on the 
subjects connected with Engineering teaching ;—invaluable to 
young teachers. 

Per volume: To non-members, $2.50; to Libraries, 
$2.00; to members, Vols. I-VIII, $1.00; Vols, IX-X XIII, 
$1.50.—WHILE THEY LAST. 


Twenty year index free to purchasers 


F. L. BISHOP, Secy. 
University of Pittsburgh, Pittsburgh, Pa. 
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Know What Positions are Open 


Most vacancies in engineering faculties and teaching 
staffs are not generally known until the positions are 
filled. 

By having your name on file with us, we watch the 
field for you, keeping you informed of good opportunities 
for advancement. 

We furnish descriptions of existing vacancies from 
which you can select those for which you wish to ‘apply. 
Our service is confidential. 


Send for professional record form 
The Engineering Agency 


1601-1662 Monadnock Agency 
CHICAGO, ILL. 


SSvoin 


D.C. Miniature Precision Instruments 


The same degree of mechanical and electrical excellence which has won 
ast for the larger Weston Models is embodied in these wonderful 
ittle masterpieces of the instrument maker’s art. The finest watch is a less 
striking example of perfection in refined workmanship. They are accurate, 
dead-beat, extremely sensitive. They are shielded against external electrical 
and magnetic influences. Despite their great refinement in workmanship, 
they are very substantially constructed and have the longest scale ever pro- 
vided in instruménts of similar size. In short, they are the finest develop- 
ment of small instruments of the pivoted moving coil, permanent magnet type. 
And the prices are low. 

The several models and ranges offer a selection from over 300 different 
combinations. The Switchboard Instruments are listed in Bulletin No. 20 
and Portable Instruments in Bulletin No, 501. They will be mailed upon 
request. : 


WESTON ELECTRICAL INSTRUMENT COPMPANY 
3 Weston Avenue, Newark, N. J. 


New York Boston Chicago St.Louis. San Francisco Winmpeg London 
Philadelphia Richmond Cincinnati Detroit Montreal Vancouver Paris 
Pittsburgh Buffalo Cleveland Denver Toronto ~ Petrograd 
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Mathematics for Engineers 


subject the opinion of the majority seems to be that the first college courses 
must be pure mathematics with the applications, if any, given in the problems. 
These courses may then be properly followed with junior or senior courses in 


engineering applications. 
Two groups of books recently published-are proving-especially suitable for 
such courses as are mentioned’ above. They are: **Analytic Geometry”’ and 
** Differential Calculus,’’ by Professor H. B. Puriiips, and “‘ Engineering 


Applications of Higher Mathematics,” by Pistestor V. Karaperorr. 


: The following are brief descriptions of these books: 
Analytic Geometry 


By Professor H. B.. Patties, Massachusetts Institute of Technology. 
A book covering the essentials of the subject with numerous problems, many 
taken from engineering practice. 204 pages, 5x74, illustrated. Cloth, $1.50.net. 


By the Same Author 


Differential Calculus 


net. 


Integral Calculus 
This book will be ready in the summer of 1917. It will be sold separately or 
combined with the Differential Calculus. 


Engineering Applications of Higher 
Mathematics 


By Professor V. Karaprtorr, Cornell ‘University 


Part L. Problems on Machine Design. 84 pages. Cloth, 75 cents, net. 
Part II. Problems on Hydraulics. 108 pages. Cloth, 75 cents, net. 
Part III. Problems on Thermodynamics. 118 pages. Cloth, 75 cents, net, 
Part IV. Problems on Mechanics of Materials. 86 pages. Cloth, 75 
cents, net. 
Electrical Engineering. 69 pages. Cloth, 75 
cents, net. 

This remarkable series of books has been received with the greatest of interest 
by teachers, both of mathematics and of engineering. Several of them are already 
being used as texts in engineering colleges. 

* Copies will be sent to you for free examination. 


LTHOUGH the teaching of mathematics to engineers is still a much discussed _ 


JOHN WILEY & SONS, Inc. 


j 432 Fourth Avenue, New York City 
London, CHAPMAN & HALL, Ltd. 


MONTREAL, CAN.: SHANGHAI, CHINA: - MANILA, P. 
Rumour Co. Eowanp Evans & Sons, Evucation Co. 
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